Objective To compare two methods for screening interarm difference (IAD) of blood pressure.
Introduction
It is commonly recognized that a large interarm difference (IAD) in blood pressure (BP) is a good indicator for several cardiovascular diseases. For this reason, many hypertension associations recommend to take double-arm measurements at the first visit [1] [2] [3] [4] [5] . When persistent differences greater than 20 mmHg for systolic or 10 mmHg for diastolic pressure are measured on consecutive readings, a patient should be referred to a specialist [6] . However, also when IADs are not that high and not disease related, relevant IADs still are important to know as office measurements consequently taken at the arm with the lowest BP can lead to wrong diagnosis and under-treatment of hypertension [7] . Therefore, it is also recommended to measure the arm with the highest pressure for all future measurements when a significant IAD is diagnosed at the first visit [4, 8] . Despite the largescale recommendation of taking double-arm measurements, the method of how it should be taken is much less clear. This is remarkable as it is most likely that both the procedure (measurement frequency, arm position, simultaneously or subsequently measured) and device (automatic, aneroid) can have a significant influence on the outcome. In the past, many double-arm measurements were taken subsequently, first at one arm and thereafter at the other arm. However, as BP is a variable hemodynamic phenomenon that constantly fluctuates over time subsequent measurements are difficult to compare. In addition, because of a cuff response or a white coat effect the first measurement is often higher than the next measurement [9, 10] . Finally, when IAD is determined conventionally with the aneroid device it is not unlikely that an observer bias is introduced as, that is, the second measurement value could be influenced by the knowledge of the first BP value [1] . For these reasons some investigators have taken simultaneous double-arm measurements with two observers [11] or with two automatic monitors [7] . Although the latter seems to be a good idea still a bias can be introduced due to delay between readings and interdevice differences even when devices are from the same brand [12] . Recently, an oscillometric automatic office device has been developed for regular clinical healthcare purposes equipped with two cuffs to allow the possibility of taking simultaneous double-arm measurements: the WatchBP Office (Microlife AG, Widnau, Switzerland). This study aimed at comparing a method that is commonly used in daily practice for assessing IAD: (i) conventional measurement (CM) in subsequent order using an aneroid device, with an innovative method and (ii) simultaneous automatic measurement (SAM) using a double-cuff automated oscillometric device.
Materials and methods
Blood pressure measurements BP measurements were taken according to the European Society of Hypertension (ESH) guidelines [6] . CM was taken with a calibrated aneroid manometer (Welch-Allyn Maxi Stabil 3, Speidel and Keller, Skaneateles Falls, New York, USA [13] ) by trained nurses. Patients were measured in sitting position with the arm supported at heart level, after 3-5 min of rest on the right arm and subsequently on the left arm. After 2-3 min the same procedure was repeated in opposite order, first the left and thereafter the right arm.
SAM was taken using the WatchBP Office (Microlife), a validated automatic oscillometric device equipped with two cuffs for double-arm measurements [14, 15] . Three subsequent double-arm measurements in sitting position (similar to CM) were taken after 3-5 min of rest with 1-min intervals.
SAM and CM were taken in a random order.
Statistical analysis
As SAM was taken three times and as CM was taken twice, the average of both two and three SAMs was compared separately with CM for all tests.
Interarm BP differences and average BP values were compared using paired t-tests with Bonferroni correction for multiple measurements when necessary, and Bland-Atman analysis [16] . Absolute IADs were classified according to their magnitude. Proportions were compared by the w 2 -test. The agreement between different methods was assessed with the Pearson's correlation tests. All data were analyzed using SPSS version 15.0 (SPSS Inc., Chicago, Illinois, USA).
Results
One hundred and eighteen patients with two or more cardiovascular risk factors and a mean age of 59 ± 17 years were referred to two internal clinics: Neukölln Hospital Berlin, Germany (n = 81) and Heart and Diabetes Centre North Rhine-Westphalia, Germany (n = 37). The patient characteristics are provided in Table 1 .
Blood pressure values
As shown in Fig. 1 systolic BP values, as obtained with CM, were significantly higher at the first measurement than at the second measurement for both the left and right arm. This did not apply for the conventional diastolic BP values. In the case of SAM there were no significant differences between subsequent measurements. On average, systolic BP values were slightly higher on the right arm for both CM and SAM but this was not significant. Overall, CM provided the lowest mean systolic BP values but this only differed significantly from SAM averaged from two measurements for the left arm (P < 0.05). For diastolic BP, the average CM value of the left arm was significantly lower than the average SAM values (P < 0.05).
Interarm difference values
The average absolute IADs of the conventional systolic value (4.9 mmHg) was significantly higher than the average absolute IAD of the SAM pressures averaged from two (3.7 mmHg; P < 0.03) and three measurements (3.8 mmHg; P < 0.05). For diastolic BP values there were no significant differences in absolute IADs between CM (3.7 mmHg) and SAM averaged from two (3.1 mmHg) and three measurements (3.1 mmHg).
The standard deviations of IADs were significantly higher (P < 0.05) for the conventional systolic and diastolic BP measurements (4.1/3.1 mmHg) than for SAM averaged from two and three (3.0/2.3 and 3.2/2.6 mmHg, respectively) measurements. Table 2 shows IADs and absolute IADs for both CM and SAM. For CM the absolute systolic IAD was significantly higher at the first performance (P < 0.05) than at the second performance. For SAM there were no significant differences in IAD values between the assessments. The first systolic and the first and second diastolic absolute IADs obtained with CM were significantly higher than the IAD counterparts as obtained with SAM.
Subsequent and simultaneous measurements with the automatic device
For comparing subsequent and simultaneous measurements as taken with the automatic device, the BP value of one arm was subtracted from the value of the next measurement of the other arm. Thereafter, these 'automated subsequent IADs' were compared with the automated simultaneous IADs. This was done for multiple combinations and showed that all subsequent automatic measurements led to significantly larger absolute differences than simultaneous measurements (P < 0.05) for systolic but not for diastolic BP. There was no significant difference (P = 0.07) in 'regular' IADs but the variance was significantly larger (P < 0.001) for subsequent than simultaneous measurements.
With SAM the right arm commonly had the highest BP on average but for subsequent measurements the arm that was measured at first always provided the highest BP value. Figure 2 shows Bland-Altman plots of the difference between the BP values of the left and right arm against their average. The least agreement within double-arm measurements was shown for CM (bias is 0.7 and 95% confidence interval from -13.0 to 14.4) and there were similar agreements for SAM averaged from two and three readings. 
Prevalence of large interarm differences
Differences of more than 20 mmHg for systolic pressure and/or 10 mmHg for diastolic pressure averaged from two CMs, two SAMs, and three SAMs were seen in 10 (9%), four (3%), and six (5%) patients, respectively.
Differences of 20 and/or 10 mmHg occur at least once out of two CMs in 29% of all patients. For two SAMs the frequency was 8% and for three SAMs this was 17%.
Relevant differences defined as 10 mmHg for systolic pressure and/or 5 mmHg for diastolic pressure is seen frequently (Fig. 3) and decrease with the average of more measurements. The highest frequency (51%) is seen with CM. The biggest decrease was seen from one to two measurements with CM (16%). The least decrease was seen from two to three measurements with SAM (1%). Relevant differences defined of at least 10 mmHg for either systolic and/or diastolic pressure was seen in 19% of all patients with the mean CM and in 9 and 10% of the patients when averaged from two and three SAMs.
The same pattern was seen for 20/10 mmHg differences ( Fig. 3 ). There was much less is still change in the frequency at SAM than at the CM.
There were no relationships seen between IADs and patient characteristics such as age, BMI, sex and, heart disease (data not shown).
There was no significant correlation between the average IADs of CM and SAM (r = 0.072 for systolic IAD) within patients.
Discussion
Despite lower BP values, CM showed a significant higher IAD and standard deviation of IAD than was obtained with SAM averaged from both two and three measurements. For CM the IAD obtained at the first comparison was higher than the second. However, this was not shown for SAM not even when the differences were determined from subsequent automated measurements. Overall, SAM showed lower absolute IADs and less variance between measurements than CM. There was poor correlation of IADs within patients as obtained with CM and SAM. Incidental IADs of 20 mmHg for systolic or 10 mmHg for diastolic pressure occur frequently with both CM (29%) and SAMs (± 20%). In both CM and SAM the frequency of relevant (average) IADs (Z 20/10, Z 10/5, and Z 10 mmHg for systolic and/or diastolic BP) decreases with more measurements with the highest decrease seen within CM. Relevant IADs of 10/5 mmHg occur in 35, 22, and 20% of all patients as averaged from CM and two and three SAMs, respectively. When relevant differences are defined as at least 10 mmHg for systolic and/or diastolic BP these percentages are 19, 8, and 10%.
This study should be interpreted within the context of its limitations. Most patients were referred to a cardiovascular centre because they had two or more risk factors and therefore, the results cannot be extrapolated to the population at large. The CM has been taken by different observers in the different clinics. For this reason it is possible that results are influenced by the different observers. CM was taken using a manual aneroid device, which could make it awkward to compare BP measurement data with the BP values as obtained with the automatic oscillometric method. However, the investigators aimed at imitating the commonly used method in daily clinical practice; the aneroid device is still frequently used by physicians and IAD is commonly determined by subsequent measurements. To compare subsequent automated measurements with simultaneous automated measurements we subtracted, that is, the BP values of the second left arm from the first right arm and compared this with the difference of the BP values of the Bland-Altman plots for averages. CM, conventional measurement; SAM_2, simultaneous automatic measurement averaged from two simultaneous readings; SAM_3, simultaneous automatic measurement averaged from three simultaneous readings.
third right arm and the second left arm. In this situation we used one BP measurement value twice in the comparison. Although it is expected that this method may have a minor influence on the outcome it is not exactly the same performance as the CM method. This study did not find any relationship of IAD with patient characteristics such as age, sex, BMI, cardiovascular risk factors, and BP value. However, this does not mean that there is no such relationship but could be attributed to the relatively small population of 118 patients. One might argue that patients with atrial fibrillation (AF) should have been excluded, as the oscillometric technique might not be able to measure reliably in this situation [8] . However, there is no clear evidence for this, guidelines for BP measurement in patients with AF are lacking and the oscillometric technique has shown to be accurate with frequent measurements in patients with chronic AF [17] . In addition, at this study we did not find large differences in BP values and BP pattern between both methods among patients with AF.
To the best of our knowledge this is the first study that compared IADs of CM with SAM taken with the same device. There have already been several studies using two automatic devices [12, 18] . Although this method is liable to bias because of interdevice differences and a possible delay between measurements it seems more reliable than CM. Manual measurements lead to errors of interpretation, observer bias, and terminal digit preference. For this reason it is recommended by the ESH guidelines to use an automatic BP monitor whenever possible [6] . The justification of this recommendation is confirmed by the finding in this study that the first IAD obtained with CM is significantly higher than the second whereas this is not the case when the IAD of subsequent measurements are calculated with the automatic device. This shows that the differences in IAD between both methods cannot only be explained by the difference in method (subsequent or simultaneous) but should at least partly be ascribed to the use of the manual aneroid device. There was no correlation in IAD between CM and SAM, which indicates that at least one of both methods did not provide the 'true' IAD, when existing.
This study found that with CM, 19% of all patients had relevant differences of at least 10 mmHg. This is similar to the finding of Clark et al. in their meta-analysis. However, the prevalence was lower with SAM, which indicates that CM, at least as taken in this study, tends to overestimate the prevalence of relevant IADs.
Although some oscillometric devices with the capacity to perform simultaneous BP readings have been developed these devices often are expensive and for that reason are mainly used for research purposes only [19] . However, the tested device (WatchBP Office) at this study has been developed for diagnosis in regular healthcare and thus eliminates the practical concern that a device with the possibility to take simultaneous measurements could not be widely distributed among clinics or GP practices [20] .
Our finding is consistent with earlier studies, which showed that simultaneous interarm measurements lead to less difference than subsequent interarm measurements [21] [22] [23] .
The finding in this study that the first measurement consequently is higher than the next measurement irrespective of which arm is measured shows the large bias that is introduced when determining IAD with subsequent measurements and underscores the importance of determining IAD with simultaneous measurements only.
Although the measurement time was not assessed it was clear to all observers that taking SAM required less time and was easier than CM despite the fact that SAM consisted of three duplicate measurements and the CM consisted of two duplicate measurements.
Conclusion
SAM provides smaller and more reproducible IADs than CM and could prevent unnecessary reference to a cardiovascular centre as a consequence of erroneously found IADs of at least 20/10 mmHg for many patients. In addition, for CM it seems that two measurements at both arms are not enough for detecting IAD whereas this seems sufficient with SAM, although three measurements are preferred.
Recommendations
At each first visit double-arm measurements must be taken as recommended by the ESH guidelines [3] . For the best estimate of a patient's true IAD, BP measurement should not be taken manually and/or subsequently but should preferentially be determined from at least two simultaneous measurements taken with one automatic oscillometric device.
